Four monocentric studies reported that circadian rhythms can affect left ventricular infarct size after
C ircadian rhythms affect cardiovascular physiology (such as blood pressure, heart rate, hormone production, and release), 1 including adverse cardiovascular events (such as onset of myocardial infarction). [2] [3] [4] A significant variation in infarct size dependent on the time of onset of coronary occlusion has previously been observed in a mouse ischemia/reperfusion model. 5
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We read with interest and curiosity the article by Reiter et al 6 about the finding that in humans also circadian rhythms affect left ventricular infarct size after ST-segment-elevation acute myocardial infarction (STEMI). 6 Earlier, 3 other independent monocentric studies by Suárez-Barrientos et al, 7 by Arroyo Ucar et al 8 (both from Spain), and by Fournier et al 9 (from Switzerland) confirmed a circadian variation of infarct size in humans.
In the study by Reiter et al, 6 the observation of the circadian dependence of infarct size was derived by a retrospective analysis of 1031 patients with STEMI referred for primary percutaneous coronary intervention (PCI) with known ischemic times between 1 and 6 hours, that identified 165 patients (16% of total STEMI patient cohort) with occluded arteries on presentation. The greatest myocardial injury occurred at 1:00 am onset of ischemia and 5:00 am onset of reperfusion, with the peak creatine kinase (CK) measured at the top of the sinusoidal curve being 82% higher than that recorded at the trough. 6 In a previous study conducted in a different geographical area (Spain), the largest infarcts were associated with STEMI onset in the dark-to-light transition (ie, between 6:00 am and noon). 7 Among potential reasons explaining such an apparent disparity, Ibanez et al 10 identified the fact that the analysis by Reiter et al 6 excluded ≈84% of the initial STEMI population: 568 patients were excluded because of thrombolysis in myocardial infarction flow >0 or collateral flow, and 104 additional patients were excluded because of preinfarction angina or postconditioning. Ibanez et al 10 underlined that "when testing a novel hypothesis in a retrospective manner, consecutive patients should be analyzed unbiased and then adjust for any potential source of bias."
Here, in an attempt to validate the circadian dependence of infarct size after STEMI and to define the precise time of the day of STEMI onset associated with the largest infarct size, we tried to replicate this finding in a prospective multicentric cohort of subjects with first STEMI derived from the First Acute Myocardial Infarction (FAMI) study that collected data from 1099 patients with ischemic time within 6 hours from 2002 to 2007 in Italy, Scotland, and China. 11 Details on patients' characteristics and study methodology have been published elsewhere. 11, 12 In particular, in the FAMI study, entry criteria required all participants to have a clear time of symptom onset within 6 hours from the time of enrollment. Analysis of the ECG was performed to confirm ST elevation and absence of QS complexes. 11 First, we confirmed a circadian variation of STEMI incidence (data available for 1094 patients) with an increased morning incidence (from 6:00 am till noon; Figure 1A ), as previously reported. [2] [3] [4] Next, we tested whether the incidence of STEMI follows the same circadian pattern in the 3 populations ( Figure 1B-1D ). We found that a similar circadian pattern of incidence of STEMI exists in Italian, Scottish, and Chinese patients. An 1-sided binomial test was used to provide confirmation of whether or not the frequency of myocardial infarction during the second quarter of the day was significantly higher than the 25% rate expected with random distribution. 3 Our analysis confirmed that, considering a conventional P value threshold of 0.05, exclusively, the second quarter of the day was significantly enriched in all the studied populations: overall population (P=0.0094), Italian population (P=0.0027), Scottish population (P=0.0276), Chinese population (P=0.0164). This finding confirms that a similar STEMI incidence circadian pattern exists in all considered populations, despite significant differences concerning genetic and geographical characteristics.
Second, we used the same population selection criteria as Reiter et al, 6 and we applied the same strategy to evaluate the circadian effect, plotting the peak CK against the time onset of ischemia. We also exploited the same nonlinear (periodic) regression onto a sinusoidal curve,
t c]/24), where a is a measure of the rhythm-adjusted mean value, b is the amplitude, and c is the origin of the curve, to determine the relation between the ischemic injury in the human heart and the time of onset of infarction (circadian relation; Online Data Supplement). And finally, the circadian rhythm influence was deemed to be present if the amplitude of the fitted curve was significantly different from 0 (Wald test). 6 In practice, we excluded 113 patients who were We found a similar circadian pattern of incidence of STEMI in the 3 countries (peak incidence at 6-12; * P<0.05). not revascularized (12 Italian, 11 Scottish, and 90 Chinese patients), 409 subjects who were revascularized with treatment other than PCI, 251 subjects with presence of preinfarction angina, and 68 patients with peak of cardiac enzymes not recorded. A total of 171 patients (16% of total STEMI patients) with well-defined times of ischemia onset and duration were included in the final analysis (Online Table I for clinical characteristics of the population broken down by 4-and 6-hour intervals). Furthermore, we studied a total of 160 patients (15%) with well-defined time of reperfusion. The regression analysis provided the following result: a=2300; b=156.60; c=22.40; and a very high SE =1.8214E3. Given that b/SE=0.086 and degrees of freedom =168, a P value of 0.9316 was obtained ( Figure 2A ). By conventional criteria, this difference is considered to be not statistically significant, thus dismissing a circadian relation between time of ischemic onset and infarct size. A similar result was observed when we analyzed the 160 patients with available time of reperfusion (P=0.8207).
The main difference between our multicentric study compared with the population obtained in a single-center study such as that by Reiter et al 6 is the geographical diversity. In fact, we pooled data from 3 very different areas (Northern Europe, Mediterranean, and Asia). Circadian fluctuations of biological processes are known to be affected by geographical location. To conclude that there is no circadian variation in infarct size, we evaluated the 3 populations independently. We underline that we previously observed no significant difference in our pooled FAMI population compared with each population (Italian, Scottish, and Chinese) concerning circadian variations of STEMI onset, despite geographical diversity. Thus, we separately analyzed 69 Italian patients, 46 Scottish patients, and 56 Chinese patients. We confirm that also, in these investigations, separate for each population, there was no significant circadian relation between time of ischemic onset (or alternatively, time of reperfusion) and infarct size. The resulting P value for each Wald test was much >0.05. Furthermore, we tested the presence of significant CK peak values across the 4 different quarters of the day and, repeating this analysis separately in each population (Online Table II ), we never detected the presence of a significant circadian dependence.
Subsequently, we used the same inclusion criteria as proposed by Suárez-Barrientos et al, 7 and we excluded patients with previous infarctions only (no cases in the FAMI study) from the analysis or those who are not revascularized by any means. 7 In their study, Suárez-Barrientos et al 7 Figure 2 . Time of day dependence of myocardial infarct size. A, Deviation in creatine kinase (CK) was plotted against time onset of ischemia in the first acute myocardial infarction cohort of myocardial infarction based on Reiter inclusion criteria (n=127). Line represents the fitted sinusoidal curve. B, Deviation in CK was plotted against time onset of ischemia in the Italian cohort of myocardial infarction treated with percutaneous coronary intervention (n=624). Line represents the fitted sinusoidal curve. C, Kruskal-Wallis test showed a significant difference in CK peak level (P=0.02), but the Dunn multiple comparison test failed to demonstrate that any quarter of the day was significantly associated with higher CK peak levels in the Italian cohort (n=624). In the box plots, central line represents the median value, which is also reported as value in the graph; lower and upper lines represent the 25th and 75th percentile. account 811 patients with STEMI (85% of total STEMI patient cohort). Here, we excluded 113 patients who were not revascularized, 80 patients who received a treatment that did not include PCI nor thrombolysis, 4 patients treated with surgical revascularization, 82 patients with unspecified treatment received, 202 patients without available time of symptoms' onset, and finally 42 patients without peak of cardiac enzymes recorded. Thus, we took into account an overall number of 613 patients with STEMI (56% of total FAMI STEMI population) with similar inclusion criteria to those applied by Suárez-Barrientos et al. 7 The regression analysis provided the following result: a=2361; b=65.27; c=18.4; and a very high SE =1.9745E3. Given that b/SE=0.033 and degrees of freedom =610, a P value of 0.974 was obtained. Thus, we excluded a circadian relation between time of ischemic onset and infarct size when applying the more inclusive criteria, according to Suárez-Barrientos et al. 7 A similar result was observed when we analyzed the 587 patients (53%) with available time of reperfusion (P=0.8556). We further repeated the analysis considering each population: 161 Italian patients, 211 Scottish patients, and 241 Chinese patients. We did not detect any significant circadian relation between time of ischemic onset (or alternatively, time of reperfusion) and infarct size. As further evidence, we reported the CK peak in patients treated by PCI or by thrombolysis in the total FAMI population and in each population individually, as reported in Online Table II . The investigation of this data also confirmed the absence of a clear-cut evidence for a circadian variation of the extent of myocardial damage.
To overcome potential bias attributable to small study cohort from a single geographical region with heterogeneous treatment, we considered a second retrospective STEMI cohort of 624 consecutive Italian patients (137-22% from the FAMI Italian cohort and 487-78% from the registries of the San Raffaele and Centro Cardiologico Monzino hospitals in Milan), all treated with PCI within 6 hours from STEMI onset (Online Table III ). This new cohort had similar inclusion criteria to those applied by Suárez-Barrientos et al. 7 We confirmed a circadian variation of STEMI incidence with an increased morning incidence (from 6:00 am till noon; P<0.01), as reported in the FAMI population (data not shown). 3 Again, to evaluate the circadian effect, plotting the peak CK against the time onset of ischemia we exploited the previously used sinusoidal regression to determine the relation between the ischemic injury in the human heart and the time of onset of infarction (circadian relation). 6 The regression analysis provided the following result: a=2324; b=387. 2; c=18.16 ; and a very high SE =2.1003E3. Given that b/SE=0.1844 and degrees of freedom =621, a P value of 0.8538 was obtained ( Figure 2B ). Thus, we excluded a circadian relation between time of ischemic onset and infarct size also applying the less stringent criteria of Suárez-Barrientos et al 7 in a large STEMI cohort with more homogeneous characteristics. This further challenges the circadian dependence of infarct size after STEMI. It is interesting to note that in Figure 2A and 2B, although not statistically significant, peak infarct size occurred near the same time point (1:00 am) as described by Reiter et al 6 and by Fournier et al. 9 Thus, we performed a second analysis of the STEMI cohort of 624 Italian patients, which was broken down by 4 time intervals (6 hours each), according to the time of infarct onset. We investigated whether the CK peak level was higher in a specific quarter of the day. Although the Kruskal-Wallis test reported a significant difference in CK peak level (P=0.02) among the 6-hour intervals, the Dunn multiple comparison test did not show a quarter (0-6 versus 6-12 versus 12-18 versus 18-24) of the day that was significantly associated with higher CK peak levels ( Figure 2C ). Furthermore, it should be appreciated that in the analysis of patients' characteristics in the Italian cohort, differences exist concerning CK levels at admission and ischemic time, which may potentially affect the CK peak analysis (Online Table III ). Nevertheless, consistent with our findings, Willich et al 3 described the following: (1) an increased morning incidence (6:00 am till noon) of myocardial infarction in 1741 German patients of the multicentric Intravenous Streptokinase in Acute Myocardial Infarction Study; and (2) a similar circadian pattern of infarct incidence was exhibited in patients with higher or lower left ventricular ejection fraction (a measure of cardiac damage).
As further validation, we decided to artificially grow by bootstrapping the Italian population to the same size (n=800) as the Spanish population analyzed in Suárez-Barrientos et al. 7 From the FAMI cohort treated by PCI (Online Table  II ), we selected the Italian data set because of the following: (1) it is numerous (n=137) compared with the Chinese data set (n=109) and the Scottish data set (n= 66); (2) Italian and Spanish are close with regard to parameters, such as ethnicity, latitude, and diet; and (3) we can compare the result for this artificially enlarged Italian data set with the real enlarged Italian data set (obtained as the union of the 137 patients from the FAMI study and other 487 patients from 2 Italian hospitals, for a total of 624 patients). The bootstrapping procedure we used is the following: we bootstrapped the Italian population resampling uniformly at random with replacement of 663 patients of the original 137. The addition of a small amount of random noise was used to simulate the variability occurring in sampling of real data. For each of the 663 resampled patients, the time of onset was modified adding random Gaussian noise (white noise) with mean zero and finite SD equal to 1 hour. The CK peak was modified adding white noise with mean zero and finite SD equal to 150 (UI/L). We replicated this procedure 1000 times and obtained 1000 artificial Italian data sets of the same size (n=800). We selected only the 61 of 1000 data sets that passed a Kruskal-Wallis test with P<0.05. We merged these data sets together, obtaining a unique large population of 48 800 (61×800) samples. The merged population was used to test whether all the 61 data sets generated by bootstrapping presented a common, unique, and significant circadian pattern. The sinusoidal regression analysis was not significant (P=0.9386). The Kruskal-Wallis test on the population broken down by 4 subgroups (6-hour intervals) detected a significant circadian pattern (P<0.01; Online Table IV) in accordance with the result obtained by Reiter et al. 6 However, considering that only 61 of 1000 data sets were significant, it meant that the probability of generating by bootstrapping the significant pattern detected by the Kruskal-Wallis test is 0.061, which is negligible.
